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PROBLEM TO BE SOLVED: To prevent a nitride semiconductor laser element from deteriorating by sequentially forming an n- 
type nitride semiconductor, an active layer of quantum well structure having a barrier layer of a specified film thickness and a 
well layer of a specified film thickness containing In, and a p-type nitride semiconductor on a substrate. 
SOLUTION: An n-type contact layer 2, an crack preventing layer 3, an n-type multilayer clad layer 4 including AIGaN, an n- 
type guide layer 5 of undoped GaN, an active layer 6 of a quantum well structure which includes a barrier layer and a well 
layer, and a p-type electron trap layer 7 of AIGaN are formed sequentially on a nitride semiconductor substrate 1 . The active 
layer 6 has a quantum well structure comprising a well layer containing In, and a barrier layer having band gap energy higher 
than that of the well layer. In the quantum well structure of the active layer 6, the barrier wall layer has a film thickness of 100 
&angst or larger, and the film thickness ratio between the well layer and the barrier layer is preferably 1 :3 to 1 :10, 1 :4 to 1 :7. ' 
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iw- : mmm<r>mm:i = ti : 3~i o] X'&^mi-^^ 

[K*«4 1 ttrfEei4S;J5, K^Sot«J?;45 1 0 0 ~ 

t-f-^lil*^ 1 ~ 5 ov'-f 1 iS»c:fiH4&<75^-(ki|^Jj4-^ 
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cs. Vol.37(1998)pp.L1020-L1022{r, ELOG (Epitax 
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l^-^'-roffljt«fe5^SSt«>4S4 2 O nmU±.(0 
[0 0 0 3] 

[5gBJ;5S/§¥3tLi5 ti-5^M] \.f>-\.^tih. ±15 
J. J. A. P. JciS^CO 4 0 O n mf^ JSwWfe U'— r 

10 tm^ili>. ^SKS;iS4 2 Onm£i±05^-&ii 

It. 4 0 0 n m#jao^MiS®CD l"— if sg^Cilt-tx, 

niSj5S:tfc=S::*:#<-r5- i:t-j; 
[0 0 0 4] U^<Di.b\::Vtmm/^X\t. mi-(om^^ 

[0 0 0 5] -trt?, *^B^<oa6*)(4, ^^W*Mt:SrPJ^ 
[0006] 

[^SiS:^9i-t-5fc*w#^] gp*,, ;i^^B^|±. TIE 

(1) ~ (6) (r>m^t-r^z.t\zji^ ^ ^^m<r>n^ 

( 1 ) S*5±{r, />/i < t i>nm&i\L<^^^{^, KM 
30 Si: I nSr#A.T-/£5#F^i:Sr*-r-5aT-#F«itw 

tP^^{c:j3V^T, MIES14J1>4?.. |!$SJ1<^ 
nfmi = [1 : 3-10] -efc5fi^^#F1t3t-efc-5 

(2) ^ sfiisgttji;45, ^nm<r>±mm^f>^QikT<Dm. 

40 (3) *trfESttS7}5, #FSC0^S[J1^35?2~4<?5S 

( 4 ) i^m&'&mt'K mmm<om^i)i i o o ~ 5 o o 
<k-t--5Wia (1) ~ (3) \z^'^<Dmt!^^m-w^^—'f 

( 5 ) mmm'S^iiK ^mm^t^ 4 2 O n mW± i: 

flftfS (1) ~ (4) <r>\,^-rixi)^\^\zt5M.(0^it^^m- 
50 if^^. 
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(6) mt^Mim^^i^i^—fm^tiK mim^m^ 
flfrfs (1) - (5) <oi^-rri^^im\z^m<omim^m 

[0 0 0 71 O^t?. ^^m\±. ±^(OtO<. ffitt^ 

mm'] = [1 : 3-1 0] i:. mm^^MLxi-ji^m^ lo 

10 O O 8] ?S*fiSJffT'fe^WfEJ. J. A. P. {Z 

\zx^^B.^t[9mi.m'f-<D'i^it^Pi±vxm^^^(Dm 

±«:^ToTl^^o b75-U J. A. P. 

[0 0 0 9] m»:::^ux. ^^m^mt. m^(D^it 20 
(o}^.m\z-D}.^xm^^m\^fzfsm. i nm^^i^-f>*^m 

'T-(D^mzBm^R\tLX\^^^(DX\'X:^j:\.^/)^t^:ttCo 
IzX^l n^0^l^^^^<^/ I n ^D'>7tV^M^^755?^j5!8:^n 

it^hi^mLX^^^^<OX]tfj:\^^/)^tn^fz^ ^LT. r 

^m^tix\^fj:/)>^tcmm^ti:m^<D 
mfi{zx^m^(o'^it^ff5±i-^zt^mpiLfz, ^<d 

mm^3--i o»t\^x^M^^bz.t\zx^. iPSEJi 

±\zSttt{'fj:m^^\k(D\^±^m^^it^ :z tti'^X^ 
[00 10] :i(Dm^\±^^^xnfj:^^7^K iiXT(D:it7^>'^ 
*%pjiwiov^T. WgJi<D^;f:S:i 0 0^ 

±i:: j^&e $ 5 (TJ^fett t ^Sf i >9 * L V \ 

ttmSE:6^1«-lcSfttb^» i:b\zfj:y). ^itJ^U'J^mz X 5 

^r*«pJizfcH^r. #F^<o0i?ir*f lxps^comj? 

Sr3-1 OfS<OJKi?{ct-<5^^«wi!9. I njffl^^i^S- 
-\zii:mv. Mmfi*-^-{zmimi:mrb^xo\zfj^^m so 
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(o 0 1 1 1 -^/^^^t;:, fliflSJ. J. A. P. tr|2^(7) 

mm. Rv')¥:Fm(ommt^mm(omm(Dm^^±m^ 
mm(Dm^t'r^m±mmi^zLxm^^i^m-t^ t 

l>. |l^jc:^^1#{4«o^i^^ifT5 i:. J. J. A. p. 

t> ±.u^mm(r)^mm'^nmmzi^m\.. ^ai^os 
[0 0 1 21 H{w*^P^{rjoi>r. ^^m(o±mm^^ 
^jzx^m'f'<7>^it^m±'r^^.^^httf'^L\.\ mz^ 

^p^ti:. mmm(omm^'- loo-soo::^-^- 

^:^hu^M.x^^m^^:Fmmx^^t. u^v^^s« 

(0.«^.-C<ff^bV\ W\z^tc^ ^^mi-^. 

iSe^SU 2 0 nrnW^^Z^^ J: 9 I na^feit^r^g^ 

4 2 0 nm5t^^O#'^i "9 < . ^BfT6t)?im5Eo 

±m(DXv\z^ mmm<Dmmt. Rxj^^^^^mtrnmrn^D 
mm(r)mm^±^(ox^\zii^^'t^t. ^it^s^mzp^ 

±x^. ^^#<4<^r^±<^,^.-c4fS -^LT. 

[0 0 13] ^fzmz^ :i^mm\zm^x. mtm^m^ 

m&x\±mtm^m^mm±^\z^ mim^mt^<om^\^ 
<r>^^^mm\.x^^^^xf£^^it^i^mi^ (i^TE 

(Dfil±(O^.Xiif^ -KM^Sg/OM 2 0 nmW 

[0 0 14] WTir, ;*:^PJ<?5^ff^LV^^^^<^feco 

r^m\^^hiv. ELOGS«±|c^:g$-ti:^nS=='>^^^ 
h^;5^ Al.Gai-.N (0<a<l, »*L<W:0. 
Ol^a^O. 05) fi^h^Ji^t. hmt 
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^<DS:itf-^£m^t:i¥m-r^zt7i'^x'^. m^<^i±(D^± 

S:i*fiS:-t-5ri:*5T'#5o *%e^fr*3V>T, EL 

(ocmt'^^7-v:fm^^-7Ti^^i\^^i\x\^^%<r>x^ lo 

7" I r :^ 7 T V ^^y u $ T V > 5 7 r T 
•^VT^if/y^^t'^^ 0. 1" ~0. 3° T-fc5i:ELO 

[0 0 15] 

MEM«<0^iP755 1 O OT^l^y^ hx3—J^VJ,±.X\ 1.0 

i^'Fm(omm •. nmm<Dnm [ i : 3~i o] x- 

[0 0 16] (fgtt^) T^^B^ICfcV^T. LT 30 

It. l^^roK;¥;JS 1 O 0:*-V^'>^ Sa— A£i±-C% J. 
m<omm =1 : 3~1 O. j?4b<ttl : 4~7-ei5 , 

^^mX<D I nfflfig^T^iS-tri ►)^^6fj(zSfitv5« 

[0017] ffi{4®0#FSi: LT(±. '>/i< 1 1. I n 
Sr^^•C•/j;5 I ribG a x-bN (0 g b < 1 ) -CS^^tbS 

BK?BSSr(&<-C#, $e>li#FSojest4(0^,A^e>*f* 
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F^roJKi? : = [1 : 3^1 o] tfi^b 

:^hu-A&iT. »*L< 1*5 0:rV:/^ hn — AEiT 
"C'fcSo ^/c#FS<0^ff<?3TRBfflW:, #(;ipg^$n?t 
V^^^ 1 0:=^V^^;^ Nn-AgAT-fc5o -5: bT. 

^^K-:^^ ^titi^miiS!)t:h'-z/-r^m^x't,^m^ 

m^tiS i/it') ?:1 X 1 0»Vcrn==JgjtT^*$n 

f£. ^^^^WMm.mS[<r>iSiT-^m^!f^^<Dft]±<DMxtif 

[0018] Sfc, fiH4M<0»M^i: bTli. ItldPIS 
$it/iv^255, '>?i< i:t>#Fg<fcf3^<:/K^+s/7'ai^. 

lix InbGai-bN (Ogb<0. 1) X'^:^tt^^it 

m^^mm'-mi-rhti^, mmm(Dmmi: lti*. i o o 
-rsptgjiro^jfiwit:;}?. [#F®co^ii: : mmMcom 

mi = [1 : 3-10] <7)K«^Sr*■t-5)Kff^*L. if 
* U< l±l O 0~5 0 O:^^^';:^ h n — A-C-fo5„ 

if) *5X 1 O^Vcm^~l X 1 0=Vcm=, $f ^ L 
<M:7X 1 0'°/cm='~5X 1 0^«/-c m^^*$nT 

[00 19] m^^co^i^^mnmmmK m^tieom 

'>'i< i:t#FS;)S6gffl®$^^TV^i^(iJ;<, m 
M^;4^b*&*!J#F^-eiS^fcoTt, PtSSA-biSSD 

Tfc, *fc#F^A-bi&^f3#F®T'l§i^oTfcJ:ls 

V\ *fc, fg{4^;55#F^W«g^dSlT-fc«>¥-S^ 
#Fttjtro^}4, |S$^ti#F®Sr*fetf<t5lw?^^$ 
n505;)5»SUV\ *-*^#Fflfjt<^»#, 

u n m 

[0 0 2 0] et4^ro#Fe«o I n|afiS;tt:(0|SSi LT 
14. mmi-i>^mi&&t^£^Xo\zl naAKitSrllSL 
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^^nSfcfe, ^Siffifiroii^^yud?- (e;1) 1M nG 
a N<0^<:^K=¥-VS'7'i;^/U^— (Eg) it) t,® 7(75 

[002 11 [a^ttotf 

Eg= (1-x) 3. 40+1. 9 5 x-Bx (1- .10 
z) 

SS:^ (nm)=1240/'Eg 

Eg : I n G a N#F^O^<> K^-^ i/ZT-ic^^/P^— 
X : I nWififiSlH: 

3. 4 0 (eV) : G a N(7j/<>' S'^^i^^yl'^Jr— 
1. 95 (eV) : I nN(0^<:^K^-^S'7'J^^y^:¥— 
B : jK— ^ ^— -fe-^L. l~6eVi:-t- 

S^^JSj^iV^iriSSUTl e V^:$^^TV^fc;0^ I nH^ 20 

[0022] i 5 SIMS ^J-^/j: i£fi^ 

fit. *^!r^M$iirfci:tro^Si^fti:ir|i, ^-^tg 

[002 3] £ATI' ±fS(0 ± p /i^^BJcOgtt® 

-iJ'^^=-(^-|llfewJi^fi§i: LTIi, El 1 \z.m-mi-m^ 

[0024] 121 1 »'^$n-5*^?^<^— HiScOff^^T-fo 

£iTI'lft8g-r5„ EI 1 trfi, ■^^7r-f T^»ma^«± 40 
{iELOGfi£S$-frfc^^b^i|t^flragl±{r, nM^ 
(fiSJxIiSi) SrK-yLT/iSA l.Ga»-.N 
(0<a < 1) i^/^SnS^V^^ hS2. S i K- 
ywin.Ga.-^N (0. OS^g^O. 2) i«3/i5 
^ 7 s/ ESlhS 3 , Al.Ga,-.N (O. 12^e< 
0. 15) S:^>^T-/f 5#JlKC0nM^'7i/ T 
i^K— 7'(7)Ga N*»e>3:C5n§!;V-Y 5 . PtM^Wffi 

#F^Jt(?5gttS 6 , Mg K— 7'<^A UG a i-dN (0 

< d ^ 1) 75>t,/i5/>/i< i:t> lgW±WpS«^-EBC 50 
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8. AlrGa»-,N (0<fgl) S:^^-e/£5#^^^ 
WpM^^S/ K€9, Mg K— 7'COGa N/i^Cjift-Sp^ 
^v^J'^' hSl 0;5»f,/j:5y y'y'm^ny^ h9-fy=k^ 

[00 2 51 (ELOG^ft) ^-r. ELOG^«l:io 
(002 61 ^J:tli^{4:0iJi: LTti. mttSo^MV^tm 
^iSjir^S-t-5ri:{ri>);fjK(^g{t:i^ii£^{^ (el 

oGsts) m%hih^^^ijmf>^m\fhf\.^. r<7?i9 

fm^:fjmt LTI±. ^J^ti^gsp 10-275 8 26 
#lS5p 10-11937 7 mmW- 10-146 
4 3 1 ^mW- 11-37826-^, 

[0 0 2 7] Sfc. ^wteoe^^Mi: L-Ctt, »S^Sr 

-fti^^^i* (ELOGStg) >45^§P,ix5^g:^jg;j;^|f 

gB5^«) L -C S-ft:i^iJi«{^<^1SI:i^ [6] (^^ft 

X\-i. m^ti^mW- 11-378227 !^m¥ 1 1 
-1 6 8 0 7 9-^. lH^mW- 1 1-142 400 

[0 0 2 8] SifcMfc:. iiScoip'tELOGjsKe^ir 
it)#bixfcS^k^ii^^tti:Sra«i: rrog^fci^ii^^^ 

ta^rm-rS^OTE LOGfigS=Sri^!? 5gLTgjitS:a» 

5, rwi 5/£J^ft*&t LTtt. M^«#^¥l 1- 
8 0 2 8 8-§-BJ^»trf2^(0:^^ijS^(f bnSo 
[00 2 9] iiSDtELOG^Slftt L-C»*L<tt^ 

t;^ELOGfigfi$-fr5:^fe-cfes, r.<oi5''i*S-C-^T 
nfcELOGS«±tc:^^<^|itS:j^^-t-5i:^ b#V^fii[ 
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100 30] EiTlr. :^^m\zm^^^Zt<DX'^^tfft. 
UV ^ E L O GfiS;e<0-|lliS<7?JBfilSr|gl 2 Srffll, --C3i?S-r 
5„ EI 2 ( a - 1 ~ a - 4 ) 14. mtm^MVf^^^^ 

-r, E2 (a-i) o^^(oia^-^3v^-c. sastS4 

litrmi wSlki^ifi^«:4 2SrfiS:g$-ar, 02 (a- 
2) <:0^2<OXg|c:tJV^T, |glC0^^t:i^i|^^^{^4 2!c: 10 
BfliG^rJi^^L. i^V^TEl2 (a -3) <^®3WXg(rtJ 
V>-C, imi!hWJi?^$ttfc^l</5S'(ti^i»^'*<$:4 2±(C. 

10 0 3 1] EATl:l±f^«■xmri:^rEl2SrffiV^rMl:: 
(^lOXg) 0 2 (a-1) ttSSSffi4 lilC. m 

i(om^m^m.i^4 2^^^^it^m icoji^^n^fz 

r i:ro-C-#5Sa*S4 1 i L-Ctt, {SJxtf, Cffi, R 20 

^-fV (MgAlzOj (O^o^i^m^^. S i C (6 
4H. 3CS:^tf) , ZnS, ZnO, GaAs, 

s i . Rxj'mmi^M^ii^=f-^-^-r^m\LmmwM. 

tJ> DDtaSrmUfc:^(^agl5±gI5i:iag|5ffl!lffi(r)2ft:i^* 
^^<^ffi*-ffi?i5!^g$n5Ml6]A5fci3 . ^Offi^^fitCni 30 

[0 0 3 2] ml<OXelr*JV^r, SS^t54 1 

tg4 i±i-^<5/7r€ (E^^nri^jSv^) ^m^i.x 

t>J;V\ ^^y^rSt LTt±, A 1 N. G a N. AIG 
aN. I nGa N^/i5ffiV'«P>ttS„ -'^y 77^(4. 9 0 
0X^&,T3 0 0X:^J.±(OUmX\ mmo. S/im-lO 

a*«4 1 tmi<omt<igfi^mw-4 2 twi&^^i&^FjE 

Sr«§|PU, Si <D^Yt:t)i|^^«:4 2 0^B%:>:Pfe;SS'>*< 

[0 0 3 3] SlWXSlc:*5V^T. *aS«4 1±{3Jg 
^^iM,mi(Omt<e!i^^\^A2t\^X\^. rvK-y 
(^*C!fe«r K— T'L'SV^*^®. undope) <DG a N. S 
U Ge, &UfS^WnM^*fii^«rK-yLfcGaN=& 
ffiv^5;ii:*5-c#5, 0 1 K)Sft«&i|5^grfls4 2 tt, fS5 

ja, A^6<)iri4i^9oot;i»3ii5ta~i loox;. so 
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L<t41 O 5 0'CT-S«S«4 l±»r^g$n5o ^<r> 

i 5 Jita^-e^ft $-tir5 1 , m 1 nmti^o^mwA 2 14 

t JtC So m 1 Og^kfeiji^^: 4 2 (0^;»(4#(Cffi 

t ii^si^^imW-Xh 5 r i: S L < . '>/i < t 5 o 
O^a-V;?'^ hn-AEI±, $f*L< }45 A£mW±. it) 
»^ L < J4 10m m^M.<DmWX'm^-t^. 

[00 34] (S2WXS) 1212 (a-2) 14^ 

nmWLA 1 ±lr» 1 (omm^m^^A 2 iSr^SftS-lirfc 

-C. |iaa5{BHffi(rmi<D^^ki^ii^^ft4 2S:^tt5$-&T;i 

[00 3 5] m2OTXg{c:iol>r, gB3>6<)irliaaiSrfl^i!S: 
i-5i:I4. ^!^/i< i:tiagBft!l®(wSl<og-(bi^i{£^f$:4 
2/5SStll$n?.i9l;, SlWg^ki^*^{*4 2<D^ffi 
*-e>Sa*«4 i:*l6l{ra;zASrfl^fieUTfon(iJ;<, s 
1 w^jC#l^*fr4 2 {rv>-ftl(Off^^T'Di](5Sr^ft-Cl, 

4^, h4fe{3Jg^igT-^-5o »SLV^JF^^^i:bTI4. 
Vy^z^^Xh^. z.(om'Viti-?>t. S^figS;4S'>^e 
<, J;t)¥SI::a^!3»*LV\ S l <^S^b^4^^{$:4 
2(Cgi55^6t)lC^(tfjnfciadbl4, S l<7>S'(ki^^«<$4 

2<^i^4>ST% sa£«{;ai--5ai$*-c% xi4sas 

®S:^S'^:-'^^LT5 O 0~2 0 0 O^rv:/^^ hn— A 

^S(r>m^Am^L<^ J; 9 *f S L < J4SSS*5*±ia 

<it»}, IM]gBPPgBA^e3J?^ICfig:S-t--5|g2(0^-fki^iis. 
*«J4 3«e4£Sr{g:i^bg</i!3/iff*LV>, ^ftSSS: 

[0 0 3 6] iM]0(7?ff^:bi{4. mumm<om^-^. aui: 
f£< thwnf^X(Dm:^^(r>^m^liiiM^i^. DflSBB^p 

Yi^hv-<yiig (figCiSEWti) S:l~20nm. ff* 

L<i4i~i o/imT-fot), h^'fTTBifSi mn&u 

<om) S:3~2 0Mm. if*L.<«:10~l 9 ;im-C'i) 

■^>r-jif*uv\ m^Wivint^(^^^-tz>^2nmAtm^ 
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10 0 3 7] ^2roxmT-0flaiiS:^tt.5:^&t L-Cli. 
^ 1 WS-fkiK)^«ft:4 2 S:-a55>© !9 ^< r ir iii5T-# 5 

ffi^it^^mf^ 2 L.X:x. y ^ v-^^-rs r t i >? 

Ji, ««J^rfSi^:tt-r;i->'^s/^>'^^ (R I E) , 
-r^i-Vf— Ao^s/^ix-y (R IBE) , 
nViy^>'^ (ECR) /-f ^i^f— Ais'^V^^ 

:ii:JcJ:i3. mm^mf^%:^'>'r>'i^LXX^ m 
^li, *ttiaA/455fefrti5fflLfei|#IS¥8-l 7 8 0 3^ 

^-r^m^^ :iiy^Vi/ffi (lalflSlBSS) 1212 (a- 
2) ti^-t-J; 9tr^eStg{C*fLTCS;45(S(SSii:i:/^ 

[0 0 3 9] (m3<^)Xie) m::. 12 2 (a -3) li. 

3 Srfigft ^?■y:S^3WIaS:^7o fc«^6t)»f ffiEI T-fc 
5, ^2<0^'fti^^£^ft:4 3i:LTIi:. StlfE^ 1 <Og{t: 
!^ilt^{^4 2 tPHSwt<^iS:ffiV^S::i:;45-C#-5o ^2 

fiES$-&5^2W^'fb^ij^Wi^:4 SH^^St'tS, * 
fc, ^2W^^kifei|i^«c4 3S:^S$-ti:Sg^lr, ^^fii^ 
(^J^tf S i, Ge. Sn. Be. Zn. Mn, C r . 

i^<oWMtf£i> I I imtvm<r)^j^<D^/i^it (III 
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[0 0 4 0] ±l2W^EEJil±Wj!jD£E*#tli. l^BE (E 

&LMm^\zmtit:)3Q:^xMm^mz ]^tc':{^mxRm^ 

^f9ri:T-^55o Mc^mj:S:f3tVX!,-i. ^IEW±<^JE 

l^EE) ~2. 5«BE-C-S)>5. LV^EE;^i: 
10 5%mxh^. Z(DX^^j:EEt><n^i^TX'm 

2(omti^^mi^i^M^^^t. m2<omm^mi^ 
<omm(r>m'JiKm^Simz-r^.'^X'tff-^ 
[004 1] *7t. ^3(7^xs^w^^^^T. Dflgup^gp-eti 

(t5iig-e, [Hl§Effl!)SA-?>^ftb)t^2W^-fti^iji^^{^ 
DflSl5MPgB;5^bfiS:SLfc||2co^-fti!^il5.*($:{C|ite 

t'wSffi»*gT-fe5i:. WUlS.^t)^h<D^2<Dmit!^^ 
^ft^<o^«;«5«i^iJ^ix, ffla!(B!lS;5^b<om2(^^-ft:ig)iit 

[004 2] iaa5±a575-t>^gLfcm2(^S^bit& 
¥*($:a55>l3{±, IHSi5Mna5A>e>jEiEfti-st.<^irtt:'<-c 

n^lsfil^Si&Mt-S, *fc. :^^m<DfH2RXfm3<OJL 
mi:m'!)'Mi-Zi:X\ &n±U<DUi&^^J:<-t::L tft^X 
#•5, ihU±^tWUf^nA^h^MVtztH2(r>m 

^t^^mi^i-i. ^^(Dmuxm'^v. 02 (a -4) <o 

[0 0 4 3] Sir, ^3WXmiw*3V^T, $^2<pmtm 

40 (0 0 4 4] Sfc. 3|5:^?q{r4oVT. |g2^TJ«^3<??X 
0 2 (b-1) {r^^-r J: 5 Iw. mi 

i 9 \zfK 2 <^g^l:^i}^'^^i:|cS|55^6«3{ctu](fi=Srfl^^-t- 
-5, ^UTI!fltaS:J^^i8;$nfcm2<DS^t:i^i|£^^{*:Jitr^ 
3rombi^^^*4Sr^«$-g:5, m3W^^bi|&*^fr 

^3<D^<t;^iiS:^^i:LTJ4m2(0^'ft;iK)¥^^fls<t 
50 ^Djl-f-m^. »2w^jkifei|i^ff05j^ips:^ i^9iS$ 
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/iv^^^j^tfc-^r. ■^»<^s^-er. m2(Dmm^ 

10 0 4 51 m2(Dmit^^mi^4 3ii. rw± 

mWJi, L< 115 O O //me;lT-C-fo5„ C<^®HT- 

S^ki^^'^fr 4 3 ;j5tiJ4xl;i < < /Ni^ K y i^^^/js^g 

[0 0 4 61 *fcS«£«^?S:«b-Cff 9*g-rom2W 
^'ft:#)^»f^4 3(7?^J9tt, #lrpg^$ix*V^;55, 1 0 
OwmSAT. $f4L<J±5 0;imU;lT, ±>?if^U<ll 
2 O^mK^T-efeSo :i<^l5HT?fo5 t^SS^tg-fk 20 

H{w5S^S^St''i'5m2<oS'(t:!|^ii£*«s:4 5<73±t^ 

10 0 4 71 ^t=:^?^Wg{t:i^^^^»fr(^^fig;/^te{rt3V^ 

4 3Sr^S$itS:^fei: UXtl, (^\zW^^i\fi\-^i^^ 
MOVPE > HVPE (^N7-C 

K^+B^ftfe) , MBE (^^-a^fiJ^devx-j^) ^ M 

ocvD onm-^mit^%^!&^m) mm^^w 30 

Sf4 bV^j*g:^&fc L-CI±, KJ1;55 1 0 0 /i mEAT 
4fc)KJp:^J5 10 0m mKTr-»4HV P E-C-(4figS 
[0 0 4 81 *?t3^^iajlC*SV^-C, m2(Dm.itl^^^W 

A^T't 5<Dx-. mum^\z.n\^xm 2 rog^ki^ii^^f^ 

10 0 4 91 47tmiOIg{w*3lt5mfESaS«t'te 40 
►)ff4LV\ 50 
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[0 0 5 0] Hir^^SLv^^SSSturii. (000 
1) aa[Cffi]*±S5t-r5i^7r'1'T. (112-0) 

miAm^^mt-r^'fyr^T^ xii (11 d 
^mt-f-i>7.\^^ji'Xh^. z:LX'mnmm*K (00 

01) E[CB]S^±i5i:-^5-!^7r-f TT-fc5i:#, fltf 
iB^lw^{ki^iJ£.^#:^lcjg^$ix?)I!fl({h(0><. h^-Y:?' 
-ewi^^r-rrw (1 1 2-0) SCASltr^ 

\^xmm.fi^h=7^ym^^^'Lx\'^^z.t imtm^ 

mf^(0 (10 1-0) [Mm]lzW^j3[ti\z:x hy^:f^ 

(ig7tc^-t-e) iio. 1° ~o. 5° . *f*b< 

liO. 1° ~0. 2° /55<ff*Ll\ Sfc (1 1 2-0) 
®[ABD]S:±®<!:-f-^|■!^7r'1'r-e*>5 IkW^^x 
(o:^ h7^^mVm'i:(DD-7r^T(D (ii-0 2) S 

75'>iif*L<, *fci (111) ffiSr^ffit-f S^^f^/i'T- 
(1 1 0) ffilr^fUTfiii:*;^ N^'l'T'flg^Sr^tbri^ 

AffiSr/R®, ^f^^yPro (110) Et^I^ik^J^s^^ft: 

iji^($:cosgffi25sjgfig$n5 J; 5 j-m 1 <Dmt<^^mi^ 2 

iff* LV^, 

[0 0 5 1] :^^mizm\,^ibix?>mm^mz-^\,^xm^ 
m^^xmzmmzvimT^o m 3 \±^yT^T<r>f^^m 

rfTAffilc^fb-CSiE/j:;^ Vy^:fm'ikt-t^^\z 

ov^Tlft?q-^5. Mxtf. 0 5l4^[B^a!l^o-!^7 3'-1'r^ 

L, :i-U3cy7=— i/3 b (^!J79) ffiSrAcS 

tLTV>5, ifOISUr^l-i^J-QfliawX^v-ry^SrA 

ffid^f L-cSii[:^r6]-c% K\^\zw^tii:^ hy-{y^m^ 

mi^%:miR^M^-^t:Lm^. mm^mt^iimf^x-i-iA 
m\zn\^xmTti::f3i^X'^mv^-r<. mmti::f3{^x}t 
^^uz<\^^\zh^c ^-^x AmizM\.xmmsi:h 

[0 0 5 2] Affi?riffii:■t-51^7r-^TSSSr 
fflV^fcii^, ±iacffi«r±Si:i-.5^tPl«(:i. 
l^3^y 77S?rRffit-r5i:, R®lr^tU-CSil:6-(fiI 

yf§:fjmznvxmm^mm>^m u-^-rvHS 
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10 0 5 31 ^tz.^\Z, (MgAUOj \ZS^ 

MV^<o^^m^ (1 1 1) Si: L. :tVy9mt: (1 1 

0) mt-t^t. mm^mm-± a lo) str^fur 

[0 0 5 4] ^fz^ WTlw, :^y'r>-^5^y^$;^^fc1^:7T 
O^SBfl(£b(l'>/^<. (^l£j^aIJiEL<?g)5g:^tlTV^§o 

tit. m4\z7ik-rx^\z^ mm(D^m(oj&u^'^Ayfzw: 

^t<l±0. 1" —0. 2"^ T'fe^o ^7:^$:±|E|5IS 
[0 0 5 51 ^^c^bCl. iiiS<7)ELOG^«^|;z^«9 

^# p>tL/ci^>f[:i^^W*SS±(::M(r E L o GJ5e:gS:^f o 

xn. ^mw-i 1-8 0 2 8 8^■mmmzt^,^;^nx^^ 

(DM 2 $ i^fcxg{c i # ttfc^ 2 o^^k^ij^^^ 
^4 3±trMtz. m:^^HVPEfj:tlz^oxmm. M 
;tf^80-'500/i m(DH 3 (Dmim^Wi^^^M $ 

t\t^M(Dm±\Z. HVPE^\z^^m4<Dmt^^m 

mm^mi^<Dmmt. m4<omt^^mi^<omm(D^ 

ti:^Xo\zm&^fh^o Z<D^o^J^iSSRnm4<omit 

m^mm^ ht^^ mm^MW±,\z e l o g^s 

[0 0 5 6] ±f2<Di5^^. l5ffi<o/>*VN^>ft:®i^*ft: 




(9) 4t&i 2001-44570 

16 

[0 0 5 7] ±iSCOj:9^^ELOG^g{Cj:l3ffl^?>tl^c 

ihm^Mt^m^i±\z^S:^'^^o nm=^:^^^ hmt 

10 Al«Gaa-«N (0<a<l) ^^S^i^, if^L<fi 
a;550. 01—0. 0 5C0A UGa i-^N^^S^-tJ: 
nM^iV^^^ hg;:i?A 1 S:^ip3 7ciSBl-C?fJj5g^tl 

5 <b . mim^mi^mm i tr^^s^/^ ^ ^/ lt 

X 1 0"^/cin='-'5x 1 0^«/cm=*-C5bSo wOn^ 

m2<DmmtLxn. i--i o//m-efes, ^fc, mt 
^w^mi^m^i tnm^^-^^ hm2 t<Dm\z. t>v* 

-7^<7)A UGa i_.N (0<a<l) $:^5$-&Tt<t 

nM=i>^^^ h^(^mi?ft. tSC;zmT^fe-5o 
[0 0 5 8] (^^-y^g^ihgS) *tC. ^^^>^6^lh 
^3.^nS^>-^^ h^2±(-j^S^i±'-5o ^^y-^Pi 
ih^S^LTI^. S i K->^<D I n^G a i-„N (0. 0 
30 5 ^g^0. 2) Srfifeg^-^. »^L<l^g;550. 05 
-0. 0 8(?5 I n«Ga i-„NS:J5!c:g^-^-5o wCD^J^^^y 

vy^<D%^^Vi±'t^<D\ztt^%\^\\ si<nY-^m 
t\^X\±. 5X 1 O^Vcm^T'fcSo ^fc. i5'7>>i5^ 
E*itJl3S:j^S$-t^5^(r. I nco?l^BJt:$r>^#< (x 
^O. l).-r^t; ^^rx^BSih^3;5>. ?S{4®6 7S»^ib 
^^feLiiM^^^y K^4;i^e>«intaLfc^$:PiiiR-t-'5:i 

\tM.^mz\±0, OS-'O. 3/imT-fc^o 
100 5 9] (nM^^^/ K^4) n^^7i/K 
M4Sr^^75/i5^ISlh^3l:l::j^gSii::5, nSI^^^^K 
^4 <h LT(i, A I .Ga i-oN (0. 12ge<0. 1 

5) ^'^tsmt^m^w%:m't^^mm(omt\.xB^^ 
:s.\^\zm^fi^m^i^mt^^MV^m 

«:aSUfc#S^5t^^b. A 1 .G a x-.N 

(O. 12^e<0. 1 5) ^ir, -(;:>A l.Gai-.N 

50 tu0.(D^t^:bmm^m^w. m^\tA i <Dm:^^it(Dm 
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ZO^^XUf^L^^m^^io-^tLxn. AUG a 

x-.N tG a N t^mmi.xtj:^g^mmt-r% t. m- 
srS[^Lr?ssa;^^-g^^itT-fe5o nm^mm-i. ai 

fi(i. 4X 1 O^Vcra^-SX 1 O'Vcm^T'feSo 10 

W'—m(Dmmr- 1 O O h n — i^g^T. *f ^ b < 

117 0:^^-^/;^ hn-i.J^T. ^ b t^*f ^ L < (1 4 0 :^ 

A I ^^^VX^^^\zhf)^^^t> 

ty)*^x^^o -^tz. nMi^y y h*m 4 (ommmtLx 20 

(DAKDW-^m^n. 0. 0 5 — 0. IT-fe^o A 1<7> 

10 0 6 0] (nM;^^'YK^) nM^^ h'MS^ 

-C(l. rvK-:/c7)GaN?5>ib?S^^^t:fe^*ft4:^« 
S-frSo nM;^^'^ KM5C0^/P^ Lri±. 0. 2-0. 
0 7AzmT*fe§^ L#V^^t;55^g;TL^f^UV^o nm:^4 30 

[0 0 6 11 (ffi{^6) mz^ m\me^nmii-{ k 
IO0 6 21 (pmm'Fmcj^i^me) mz^ pmm^ 

gBCiZit6^7S:?£tt^6±tc^g$-ltSo pMm^EflC 
iii'!?^7 ^ UTtl. Mg K— 3^<7)A I dG a i-aN (0< 
d^l) ;!i^e>nf:^^i^/j:<i:ti^j^±$:j5gS$^-C/^^ 40 
tOT'foSo *F*b<fld;550. 1 — 0. 5<7)Mg K— 
>^C9AldGai-aN-Cfe-5o P 7 

1 0— 1 0 0 0:*-^^;^ hn— i>., jff^U<ll5 
0-2 0 0:r>^>^ ha-i.-CfcS, J^i¥;6^±IS®ia-e 
fe^ir. S^4Ji6rtom^S:a^ftc:^Cii^^)S- <h;5S-c 

^yc:pSmi^^Cii*!>g7coMgi?5K->^»l. ixi 
O'Vcm^-1 X 1 O^Vcm^r-fe-So K-:?^a;55r 
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r-&mzii:m^ti. mmmxh^pm^^ h^mskzus, 

Sr 1 X 1 0^^/cm^-l X 1 O^^/cm^co^HT*^;^ 

$4ts::<t;55T'^5o ^tzpmm^mc72<^m7n. {& 

M^(^8 5 0-9 5 Ot:gSc0ffitt^S:^g$ii:-5 

^r^^5T*t»^Lv\ ^fzpmm^m\:^ih^m7n^ 

mr^^<ji^^i&^^i^T^^t^(DX\ 1^i^mzSi^^^tt^: 

^fzpmm'¥'mz^ibm7t^^2mfi^hm^^f^^m 

10-5 0:t>'i^:^ h^—M^ m^m.^Mmi'tS 0-15 
[0 0 6 3] (pM:^^KM8) pM^^h^ms 

^pmm^mcii:^m7 ±\z^m^^^. pMM^m 
mtvx^-S:^-^xfj:^h(Dxh^o mm\-to, 2- 

0. 0 7/imT'fe!9, Z.(DmWXh^ t Vt\^^mi!>*^i&< 

K-:/^i: b-Cj^S^it^;iiK pSim^BaCiZ^Jb^ 7 
K-y$iXTV^^Mg755jAtS:UT. 1X1 0^^/cm 
^-1X1 O^Vcm='OfB(aT'Mg;5?^W^tt-5o 

[00 6 4] (pSi?^^?/ K^9) iSfctr, pM^75/K 
^9^p^;if^ K^Sdj^ScS^it-So P^i^^5/KJi<t 
AWGai-rN (0<f^l) ^^A^Xfj:^^ 

im^mi^m. »^b<ji:AUGax-.N (o. 05^ 
f^o. 1 5) ^^A.xt^^mm^mwm^m't^^ 
mm<Dmtvxm^^ri^o ^^mmtn. 

x.\t. A\ rG a x-rNmt. A I rG a ^-rN tm^<Dm 

^j:^mm^mi$. 0ijx«Aico«ifHit<DS>t^t>co. 
^mt^m^^f:>itxmm\^xfj:^i,<Dxh^o r<^fp 

r*^^f^LV^m^^:b^.i: LTf±, AUGai-rNirGa 

^^^^^^Lli. T:/K-y<DA UGai-fN^ pM^ 
(W^(^Mg) K-:/t^Ga N^h^S^LT/^-Sifa 
^^^^iirT-fe^o P^^i^^Ii. A 1 rG a i-rNJC K- 

:/$i^XtJ:V^ pS^i^^cD K-:7^SI1. ixio^^ 
/cm^-l X 1 O'Vcm^-efoSo p^^*e^;55r<0 

60 COJ^i?^>l 0 O^V'^^ ha— i^gilT-efeS t 
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tmiJ^^mS. (Vf) S:^«i-afci6lcSf^LV\ *fc 

[0065] (pM=i>^^^ 1 O) actr. pM=3> 
h^l OSrpM^yy K^9±trAS:S^ii:-5o pM 10 

--2 0 0^V^>^ hn— A-efc-So Mg(DK— 
X 1 O'Vcra^-l X 1 0"/cm=T*fe'5o 

[0 0 6 6] *%?g<D^^iriov^T. y N 
^:it\:ix^m^^ti^o mK.{imi\^7r:'rxot^pm 

[0 0 6 7] :x.^y^>'^\^xnm^iXtlV iy'Jm'^<0;< 

m^m^^ ^b^y^^m^^-t^mmmm^^^ixx^^^o 30 
mmmtimi. 6-2. 3n&(Dm^^'f-^^ s 

i. V. Zr. Nb. Hf. T a X^^j:^mf)^hmSi^ 

t^m^^vx^hy-<y<Dm±^m\::h^pM^i^^^ h 
mi o<Dmm\zpmmr^m^^ti^o ^ly^i^^i^xm 

^^n^V iyi^m'^(Oy^h9-f:f(omtl.X\t^ o. 5 

^^"CV^^i:. Tx-<^^ ^tfcS^ll::a-^^t^(0^c$f^U 
v^ lJJt±(7?J: 5t:i. y yi^J^t^co;^ ^^-<r(0:I:^/^>- 
^co®tff^/j: if Sr4f ^1-^ i: . K<?? 
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G^m^md}it:t^\7xn^m^\^mu±:^m:i. y^/v 
v>o '^fz7^^m<Dm'=f-{:iis\^^x^ pm^'^nmmmi^^ 

[0 0 6 8] j^i?. m^^t* 

[0 0 6 9] 

ifiCTftMovPE i^m^m^^^Mm {^ov^T^-^ 

MBE (^^m^m^nm mim^mw^^^^ 
it^<D\z^hfix^^^±x<Djjm^mmx^ ^tz. 

[0 0 7 01 Lmmm 1 ] mmi 1 1 lx. m 1 tc^§ 

[00 7 1] ^a£®4 1 i:LT. 0 4 t::^-t-<t 5 

>^^/U:ft0=O. 15" . >^7^:x7'S||:JoJ:^2 0;d->- 
iJ^xhn— A, x7;^tgwidj:-^8 o o^v^>^ hc3- 
ATfcJ?, :^y :77a5:Affi<h X7^y7^755Affit-^ 

tSSrSJC&^Srtti-fers/ hL. i^ftSrS 1 0X:tcbT. ^ 
y r;^>^^tr:^^, J!?.iiel-:^f>^.lzT:/^:=.r ^TMG (h: 
y 7«^/U;^y ^Srfflv\ -y->^r-YrSS_htrGa 
NJ:l5 7iS^g:M^fiOy<>>>^rgSr2 0 O;^-^^^^ hn 

i^a^rl 0 5 Ot:^X-i:#^it. 1 0 5 Ot: 

> V-^<nG a N;5-b^t^m 1 cO^-ft^^^fl^S Sr 2 // 

^» 1 0;im;c/'^^--v^^i%fcS i O^aSrJ^^ 
m-^X^ R I E^fitc J; !9 S i 0^m<r>W^^^^X 
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ihU±^<DS i o^m^^^i-^. ?tib^^ >^-f >^j^[^ 

:«/:^twTMG. T^^^::lTS^ffiV^. T G a N 

J: t) ^.e^® 2c^g>ft:^it^^{^^S: i 5 fx m(ommx^m 

[0 0 7 21 (Tl^y-:fnm=^^^^i^hm) CEIKw 

Sfk^^^ff^S 1 ±|C. 10 5 OX:-ej[^J|S|-;!/><.trTM 
A (h V :p^'^/i-T/U^=^^J>.) , TMG, T>^^=^r:^ 

(nm=^>^^ hm2) ifetc, f^^(DtasT% mn^y^ 

irTMA. TMG^iU^r:/^::iT;?f^S:fflV\ ^W^O^ 20 
^frv-^^-;*/;:^ (SiHj S^fflv^, SiS:3xio^^ 
/cm^K— :/bfcA 1 o.osG ao.ssNcJ: 
>'^^ N«2Sr3.Axm(7?0i?X^g$^^^ j^gg^nyt 

$5r^755X^^o SB^Bttcoeic»i±. nM^V^^h^ 
2<o;^O^J;!9. ±fEcDct 9t:ir>-K— :7^nM^v^ 30 

[00 73] {^'7y^m±m3) iSfclC, ig.*^800 
"C\:i\.X. WM:^:^\ZTMO. TMI ( ;^ ^/u-T >- 

^SrfflV>, S i Sr5 X 1 o"°/cm^K— :/bfci I n 
o.osGao. 92NJ:»9^^Si5^^2/i5^KiliS3S:0. 1 5 

[00 74] (n^^7^/K^4) i^S^ 1 0 5 

T>-K— :/co A 1 o.KiG a o. seN J: 9 -5 A^ 40 
5:2 5:^^^;^ ha— A(D^i?T'^5$-fr, ^gEV^T. T 
MA$rih4^),^3^i^;^f^i: bT'>7>^:;y^Srfflv\ S i 
5:5 X 1 0^°/cm^K-:/bytGaNJ;5/^^BSSr 
2 5:rv^;=^ ha-ix(D^j5X^S$it-5o ^bT. 
<^»f^S:^ix^m 6 0lHli^9igb-CA^i:BSOJ®@ 
b. ^^JPS O 0 O:^^^;^ bn— A<^#J1® 

[00 7 5] ( n m,fS>< Vm 5 ) ISfclw. |^«<7?iaS-C\ ^, 
iS^;^f^|c:TMGJit/TV^ = TSrfflv^, T>^K— T'co^ 
GaNJ:t)?S5n^;^^ K^S:0. 1 5 mCOKi?-e^ 50 
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[0 0 7 6] (g{4€6) tfclr. U.m^ B Q OX:\Z.\^ 
i^^sf:^>^trTM K TMGSZJ^r >'^::^TS:ffll^, 
bTv'^ V:^:^S:ffll^, Si5:5xio^° 
/cm'' K^:/bfc I no.oiG a 0.99N J: D ^i-SP^SJi 
5:1 5 O^V:/;^ hn — 

V;«f;^5:il:i^), I no. 13G a o. evN J: 19 

^f^5:3lHl^«9jlb. *^t::P$S^5rm®b/ci^,mj?7 
3 5:^^-^/;^ Nn-j^(7)^Sfi^#pr^gig (mqw) <d 

Stte6 5:J5S:S$it§o 

[0 0 7 7] (pMm^iBciz.J5S7) isfeir, w\m(o]^ 

ft-C% i^J|£|-;«f;^l:iTMA, TMG^D^Ti^^r^T^rffl 
V\ ^^Ci^;;^^;^ t bTC paMg n^>^^ v^oi- 

yb-e^^.v^r^A) 5:ffll^, Mg5: 1 X 1 O'^/cm^ K 
—^l.f^A 1 o. ^G a o. eN J; 19 S p SS^K b3ii6^ 
7 5:1 0 0^V>/;^ Hi=^-^^^^if:x^:g$-&-5o 
[0 0 7 8] (p^;tf^ K^B) iSfclc. iaS5: 1 0 50 
"CdbT. X^Jfsf;«?^;^l;iTMGSt/T>'^::ir5:ffli\ r 
>^K->^(^Ga Ni:t)/j:^pM;^f^ K^S^o. 15^ 
mCO^iilT'j^KS^iirSo :i (t:* p 8 (i, r>-K 

-r<h bT^5$-tt^;5^ pMm-^gabaZ.4^)^7;5-b(0 
Mg<^t£tfi:{;::^l9. Mgjt^;i?5 x 1 0 ^^/c m^<^/.t 
»9pS^ 5:^-^0 

[00 7 9] (pMiJ^^^/ K^9) tfclc. W\m(D\^ 
■e. i?.Ji^-:^/^lrTMA. TMGStKr>'^r^T5:ffiv^, 
rv-K— ^<7>A 1 o. lGao.^NJ:(9/c^^Ag5:2.5:^>' 
>/;:< hn-i^(?:»^i5X-j5tS:g$-tt, ^l^T. TMA5:ili 
^M^;^f;^<b bTC paMg 5rfflv^. Mg5:5Xi 
0 c K-^bfcG a NJ: !9 7^:5 BS 5: 2 5 :^^- 
^n^m 0 OlHl^t)igbTAg^BScoa^b. 3^.^ 
ff5 0 0 03^V^;x; hn-AOD^^^ (^*S^«it) i 
t)/j:^pM^^2/ KS9 5:^£S$it-5o 

[0 0 8 0] {pm^i^^ ^ vmi 0) m^. mm<D^^ 

mx\ :^\ZT MO RUT >^=^T^m\^. 

;«f;^i: bTC paMg 5:fflV^, Mg5:l x 1 O^Vcm^ 
K-::^b/cGaNJ;i9/^^pM=^^^^^ N^l 0 5:1 5 

[00 8 1] Si;&*^T^. SiCS^rtlr*5V^T. 
5:^^#ia^4', 7 0 Ot:T-Tr^— y >-^5r^fV^, p® 
S5:Mtr{g:egtjki-^, 7^-_y ^^^^ !>3i/n5:Sj[£; 

s io^ii^tji^^mm^m^Lx. rie 

i/b, ig6lC^-f-J;5IC, nm^5:JF^^-r-<#nfi!l=iV 
hg2C0*E5:Stti$-y:-5o 2fct:iEI6 (a) tc^-f" 
g±ScDplK|=3 hJi 1 o<o(5lJ^ffitr, 

ct 0/.t5SlCO«^^6 1 1^0. 5 A/ mtO^JIET-ff^j^b 
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fern, mKD^mme i(D±\zmM(owm(D'^:^i^'i:t)^ 

6 (b) \c7r:-rx^\zm3<o^mme 3]fm'^. rie 
m\^\ m3(DW£me 3^'^:^is^ ti^x. mmmi(D^ 

t\zx.^^ me (c) ir^-fct 5f::pffl!l=i>^^^ h^i 
[0 0 8 2] ^bt::. B16 (d) tr^-TJiptr, 

ELOG^:gS:tf5^1^?f^^Lfca0g(5O_bg|5-ei. 
(e) tc^i-J:5{C, ZTm\m (^^tUTZrOa) 

-^^S:>^^/gfeJ-SSb. He (f) m\ 
[0 08 31 »:tria6 (g) pm=^:y^ 

^ hmxo(D±(omi<Dm^mQ itmi:^fhxmtiM^ 30 

7t^<?:>p1S!l=»>^^5^i5^ hJl<?:»^®irN i /Au J: t? 7^-5 p 
®S2 0$:ff^j^-t-^, -faLpSS2 Olil 0 0 /im(^>^ 

e2<D±.\zm-:>xw^m-^. m2<Dj^mme 2m^m. 

10 0 8 41 i^±CDJ:5i:ibT. n ®S i: p t 

^^<-mzmmL. mmm (i i-oos, 7^:^s*^<^ 
^siistcs i 02<bT i OzX^^j:^mmi^i^mm^m 

^b. Smiwp®eii;i5}i^7/^;^f^X% -^^-Sr^^bTEl 

0'-5 0 0/iin<b:'f^:i<t;6^MtbV^ ^#e>i^/c i^-f' 
^^Srfc- hi:^>'^|w^fib. ^H-Fnc??mffiSr!7-f-^ 

fern, nhixtiu-'^m^n. 6 ox:. btv^fflffiSft^ 
S2. 2kA/cm=. ffi;tl3 0mW, %jgS^4 0 5 50 
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nm(^if^^g;6?$t^$ix, 3 0 0 Omm±<75|§^Sr 

[0 0 8 5] [mmm2i mmmi\z^\^^x. mmie 

(ffiii^e) i&«S:8 0 0X:twbT. 

TMI. rMGRXJ^T>^^=zT^m^\ ^M^;5fX<tb 
i:'>^>-;y^;^^fflV\ S i SrS x l O^Vcm^K-T' 
b^c I no.oiG ao.asNJ: 0 ^ct ^ 4" 2 0 0:^^^^ 
hn-AO^ff-e^igS^-fr^, ^V>T, '>^:/;?/;^$: 
ihib. I no. i3Gao.8rN^i9?S5^*=F^^4 5;^->-i5^ 

b. *^tw|5t^^^l:m^bfc:^,^i?:6 9 0:^>i!f:^ hu 
— A(?D^mi:^#F«jt (MQW) (DiSiime^^M^ 

[0 0 8 6] [^mm3'\ mmmi\z^\^^x^ m\±mQ 
^Tm(DXo\z^ m^'t^m±mm\:^Lxmm^m^ 

-Cv'^>';tf:^$:fflV^, S i 5 x i o^V c K^-:?" 
bfc I tio.oiG ao.ssNJ: 0 ^^^S$g^^5 O 0:^>^ 

iti^). I no. i3Gao.8rNJ:l9/c?'5#F^Sr5 0:tVi/ 

b. mm^mmm^mmLfz.mmm2 i 5 o:^>->/;=^ n 

(MQW) (DSt4^6^^g 

[0 0 8 7] [*J£M4] HJSMi i::*5V^T. ffiiiJie 
(fi^ti^e) »:t;i, i&*«:8 o o^tr br. l^Jfsfptfxi:: 

TMI. TMGRXfT>^^=^T^m\^\ ^*6^;?/>^^b 
Tv-^>-;^^:^S:ffl^/^. S i ^ 5 x i o c K-:/ 
bfc l no.oiGao.99NJ:i9?S'5KM^S:2 0 O^f^^^^ 

lhi^>. I no. i3Gao.87NJ:'9?tS#FMSr5 0:*-^^^/ 

;^ Kn-A(7?^T*j5g«$-<t^o ^<Dmi^^3mm^m 

b. fi^lr|lfg^^^^bfc^,^i?9 5 0:^>-^;^ hn 
-AC0#afi^#F*#3g (MQW) (^Stt^6>^^SS 

(5l^[^^l-a»-efe^;«iK ^ife^Jl titg5-t--5^. b# 

o^feasESfgRu^mffi^s^twfiTb. ^^^tt^^^i^fi: 
[0 0 8 81 [^jffiM5] mmm4\z^\^x^ is^e 

m.&^so ox:\zvx. mM:^y^\z 
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X'^7>if:^t:m^\ S i SrS X 1 

Vtz I no.oiG ao-asNi •J^^^SPtSJiSra 0 0:^>i^ 

it*, I no. i3Gao.8vNJ:5;i5#FJlSr5 0^>'^^ 

b, mmmmm%:mmvfzm.mmi 3 5 o:*-^'^';:^ h 

n — A<0#^Sfi^#F«3t (MQW) Og|4S6^fig:g 

[00 8 9] immm 6 ] mmm4\zis\, ^x. tsi±m e 
xmt¥3^mi^u~^^^i:t^m-r^o m^ititcu—f 

[0 0 9 0] [|gJ£CT7] ^lli60ij4tr*3V>T, SttSW 
(0±S^!@r^5 7 g i 5 J; 5 {- , PtSS i: ^FS 

S<t:^il^^^«:u— f-'^^?:f^$ii-^., -WPjixfcW-lf 
5, 

[00 9 1J [SffiCajs] ||^S«llr*i^^-c, gf±S6 

(ettJl6) ifctr, S«Sr8 0 OtJ^Ur. il^sf;{/>;(c: 

T'>7^';«^;^S:fflv>, S i S: 5 x i o '°/c K— 7' 
Lfc I no.oiGao.s9N± !5/i5|St^S§:6 0 O^Vi/ 
^ ha~-M,<DmmX'^M^-\ti,, iBgVT. •>7:^;(/;^Sr 
it*i)s I no. i3Gao.87Ni>?/£S#FS5r6 0 3^^'^^ 

S^{C|Si£^^^«^Lfci^.m2 5 8 0:*->i?'x^ h 
o — M.cO^MM^^'Fmm (MQW) rogttJieSr^g 

i:l5»£|^l^(:a»-e$,5;}S, 1 t it^-t :b t . ^ 

[00 92] im^m 9 ] 1 trfcVNT, sits 6 

?:TfE<75J; 5Jc:, ^SiSftSr4 3 0 n mi:/j:5 J: 5 J- I 
nffi^itSrl^Sb. #FS(^)«Sigc«:PS-t--5tett:l^« 

(etSJle) iag^s O OtDtrLT, ;(g!|s^;^/;^»r 

TMI. TMG&U«r>'*=TS:fflV^, ^#E^;<f >^ t L 
Tv'7V;<f;^Srfflv>, S i Sr5 x i o*°/c m='K— 7' 
bfc I no.oiG ao. 99NJ; t)>5c5SE^®=Sr 1 5 0 3^i^^^ 
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it*, I no. laGao.asNJ; ►) JtS#FSS:4 0::*-^'^ 

ftSfri^ss^rffig vtzmmm 530 h o 

-A<7)#fia^#F«jg (MQW) <OS145 6Sr^S$ 
iirSo #bJxfcu— !f^^(4, MMm 1 t^mff^^'^X' 

[00 9 3] litmi 11 mmm 4 {zis\^x. ismm 6 

T->7 V:tf;^SrfflV\ S i 5 x i o ^«/c m= K-t" 
Uyci I no.oiG ao.ssNi >3 7i5|i$MJlSr9 O:^:/^;:^ 

I no.x3Gao.aTNJ;t)itS#FJlSr3 0:^->':J'';^ 

20 *S{c:P»Mg^aSL7t^.MJ¥4 5 0:«->^'^ ho 
— -6,(^#^Sfi^=-^t=F«5t (MQW) tOffitt® 6 Srjsgg $ 

[0 0 9 4] [ttm&i2i ^^s^»J4lc*3^^T, sitjie 
2. 5mcommiz^m-r^m\-tmm\zvxmit!^^^m-» 

(Si4Ji6) <^:lc, ia^ttrS ootirb-c, ^M:tf^\z 
30 TMI, TMGSU!T>'^ = 7'S:ffiV>, t L 

T-^^i^^^SrffllV S i Sr5 X 1 o'Vcm^ K— 7" 
bfc I no. oiG a o.BsNi (5 tJc^iI^MJIS- 1 0 O^^'i^ 
^ hti~M,<ommX'^&^-^?>, Mv^T, •>7V;*f^S: 
itit>, I no. 13G ao.87N± t) /j:5#FSSr4 0:^>^ 

^\^o-M.<Dmmx-^M^-^?)o ::.<D^rf^3^m^m 

— (MQW) £Ogt4*6?rJ5£5$ 
its, ±fE<^5®ttS=Sr*t-^ I^-- tF^^FJl, L#V>ffim 

[009 51 [itgEMS] ^ffifiSJ4{C*5V^-C, S<4Ji6 

^Tm(DX'?\z^^m<Dmm-\zMi.xmmm<r>mm%:i 

(gtt@6) i&ies:8 0 o^tcUT, ll!|sf;t/;^l^ 

X'>7>':^^i:m\.\ S i Sr5 X 1 o"/cm=' K— 7" 
Lfc I no.01Gao.99NJ: 9 /i5P$^®S:4 9 5 

50 ih*, I no. i3Gao.87Ni!3/j:5#F^S:4 5 3^V^' 
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A(?5^afi^#F«3t (MQW) (DS\^6^^S: 
m»£^ft;55^1fefi?ij4lc:it-<T;5^?S!9±#L. m^^m- 
[00 9 6] 

[Ell] 01 ^mm<D-mm<Dmmxh^mm^ 
[122] m2n. ^^mxm\^^^-t<Dx^ ^KhOG 

[123] ia3(i. '^yT-<T(Dm^^^^'i-=^=^^y h± 

j\-mxh^o 

(134] 04(1. :t>^Ti^>ryULfcSaS;EcOgl55>6^?/^ 20 
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[E15] 0511. m{h(0::^V'7^zf^{^^mm't^fz^ 

(omwL^mM(DW'mmxh^o 

lEl 7 ] 0 7 I n G a N^FSco^O- s/^m 

^/u^- (Eg) m^'m^(Dmm-^^^mM^(D 
=^^^j\^^- {EX) t^^^x^fcm^mm^mxh^^ 
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